Abstract: An effective biosorbent was developed from Citrullus Lanatus Rind and its various biosorption characteristics were studied for removing a basic dye (Crystal Violet) from its aqueous solution. A series of experiments were conducted in a batch system to assess the effects of the system variables such as contact time, biosorbent dosage, pH, initial dye concentration, temperature, particle size and agitation speed. The biosorbent studied exhibits high efficiency for crystal violet adsorption and the equilibrium states could be achieved in 180 min for the different initial concentrations. The equilibrium adsorption data were analyzed by the Langmuir, Freundlich, Tempkin and Harkins-Jura isotherm models. The equilibrium data indicates the following order to fit the isotherms: Freundlich > Tempkin > Harkins-Jura isotherm > Langmuir. The maximum dye adsorption capacity was found to be 11.99 mg/g at 50°C. The biosorption kinetics was found to follow pseudo-second-order rate kinetic model, with good correlation (R = 0.99) and the intra particle diffusion as one 2 of the rate determining steps. Different thermodynamic parameters, like Gibb's free energy ( G), enthalpy ( H) and entropy ( S) of the adsorption process have also been evaluated. The thermodynamic parameters of crystal violet biosorption indicated, the process was spontaneous and endothermic. The results indicated that the biosorbent studied was found to be a promising alternative for the adsorption of crystal violet from aqueous solution.
INTRODUCTION
threat to human/animal health which is not only limited to Dyes are organic compounds consisting of two main by the way of genetic mutations, birth defects, inherited groups of compounds, chromophores (responsible for diseases and so on [6] . Many treatment processes such color of the dye) and auxochromes (responsible for as photocatalytic degradation [7, 8] , electrochemical intensity of the color) [1] . Dyes usually have synthetic degradation [9] , cation exchange membranes [10] , micellar origin and complex aromatic molecular structures which enhanced ultra filtration [11] , adsorption/ precipitation make them more stable and more difficult to biodegrade processes [12] , Fenton-biological treatment [13] have [2] . It is estimated that 10 -15% of the dye is lost in the been applied for the removal of dyes from wastewater. effluent during the dyeing process [3, 4] . Removal of Adsorption has proven to be more versatile and efficient synthetic dyes from wastewater before discharging to compared to conventional physico-chemical methods of environment and from raw wastewater before offering it dye removal [14] . The utilization of waste materials is to public use is essential for the protection of health and increasingly becoming of vital concern because these environment [5] . Most of the dyes are toxic and wastes represent unused resources and, in many cases, carcinogenic compounds; they are also recalcitrant and present serious disposal problems. During the past thus stable in the receiving environment, posing a serious decade, a great deal of attention has been given to themselves but may be passed onto further generations methods of converting these materials into useful products [15] . Consequently many investigators have studied the feasibility of using low cost sorbents such as: coconut husk [16, 17] , wheat bran [18] , vetiver roots [19] , cotton stalk and its hull [20] , date stones [21, 22] , pistachio nut shell [23] , apple promace and wheat straw [24] . The aim of the present study is to explore the capability of Citrullus Lanatus Rind to remove basic dye, crystal violet, from aqueous solution under different experimental conditions such as contact time, biosorbent dosage, pH, initial dye concentration, temperature, particle size and agitation speed. The adsorption kinetic models, equilibrium isotherm models and thermodynamic Fig. 1 : Molecular structure of Crystal Violet (CV) parameters were also evaluated.
MATERIALS AND METHODS
Experimental dye solution of different concentrations was
Preparation and Characterization of Biosorbent:
volume of double distilled water. Citrullus Lanatus Rinds (CLR) was collected from the market as solid waste in Tiruchirappalli, Tamil Nadu, Instruments Used for Characterization: Unknown India. The rinds were thoroughly washed with distilled concentration of dye was determined by finding out the water to remove the dirt adhered at the surface. Then it absorbance at the characteristic wavelength using a was sliced, spread on trays and kept under hot sun for 5 double beam UV/visible spectrophotometer (Lambda 25). days. The dried biomass was ground, sieved and stored
The pH measurements were carried out using an Orion EA in air tight container for further use. No other physical or 940 expandable ion analyzer. An IHC-3280 Orbital shaking chemical treatments were given prior to adsorption incubator was used for all adsorption experiments. experiments.
Centrifuge was done by TC 650 S multispin centrifuge. Table 1 shows the biosorbent characteristics like  Fourier Transform Infrared Spectrometer (FTIR-2000 , specific gravity, density, iodine number, loss on ignition Perkin-Elmer) was used to analyze the organic functional and point of zero charge (pH ). The pH was determined group of the biosorbent. A Scanning Electron Microscope zpc zpc using the solid addition method [25] . Scanning Electron (HITACHI S-3000H) was used to examine the surface Microscopy (SEM) analysis was carried out on the CLR morphology of the biosorbent. to study the surface morphology before and after adsorption. The surface functional groups of the loaded Biosorption Studies: Biosorption of crystal violet by CLR and unloaded biosorbent were detected by Fourier was carried out by batch method and the influence of Transform Infrared (FTIR) spectroscope. The spectra were various parameters such as contact time (5-210 min), recorded from 4000 -400 cm .
biosorbent dosage (0.1-1.2 g/L), pH (2-12), initial dye 1 Preparation of Adsorbate Solutions: Crystal Violet (CV) particle size (<150µm, 150 -300µm, 300 -600µm) and used in this study was procured from S. D. Fine-Chem.
agitation speed (50-200 rpm) were studied. The adsorption Ltd. (India) (CI 42555, MF: C H ClN , max: 579 nm) and measurements were conducted by mixing various amounts 25 30 3 used without further purification. The molecular structure of CLR in glass Erlenmeyer flasks containing 50 mL of dye of the dye is illustrated in Fig.1 . Dye stock solution solution of known concentration. The pH of the solution (1000 mgL ) was prepared by dissolving accurately the was adjusted to the desired value by adding small amount 1 weighed quantity of the dye in doubled distilled water.
prepared by diluting the stock solution with suitable concentration (10 -30mg/L), temperature (30°C -50°C), 25 of HCl or NaOH (0.1M). The solutions were agitated using corresponds to Si-C stretch [29] and the band at 1057.0 orbital shaker for a predescribed time to attain equilibrium. cm represents C-OH stretching vibrations deformation At the end of predetermined time intervals, the samples [30] . Comparing Fig. 4 (a) and 4(b), we can conclude that were taken out and the supernatant solution was some of these peaks are shifted or disappeared and new separated from the CLR by centrifugation at 10000 rpm for peaks are also detected. These changes observed in the 5 min and the percentage removal of dye was calculated spectrum, indicated the possible involvement of those as:
functional groups on the surface of the CLR in sorption It can be seen that the percentage of dye adsorbed Harkins-Jura models and the reaction kinetics was increased with increase in concentration. As the initial performed by first order and second order kinetics.
concentration increased from 10 -30 mg/L, the percentage
RESULTS AND DISCUSSION
fact that increase in concentration enhances the
Characterization of Biosorbent:
The characteristics of the providing necessary driving force to overcome the biosorbent like specific gravity, density, iodine number, resistance to mass transfer of dye [31] . Table 1 . some point in time, reached a constant value where no The result of the point of zero charge of the more dye was removed from the solution. The equilibrium biosorbent is presented in Fig. 2 . From the Fig. 2 , it was time was found to be 180 min for all the initial observed that at pH below 6.4 the surface of the CLR is concentrations studied. However the rapid adsorption predominated by positive charges while at pH greater observed during the first 5 min is probably due to the than 6.4 the surface is predominated by negative charges.
abundant availability of active sites on the surface of the The surface morphology of the CLR before and after adsorbent. dye biosorption has been studied by Scanning Electron Microscope technique and the results are shown in Biosorption Kinetics: Several kinetic models have Fig. 3 . It is clear that CLR has considerable number of been used to investigate the mechanism of process and heterogeneous layer of pores where there is a good the potential rate-controlling steps involved in the possibility of dye to be adsorbed.
process of biosorption. In this study, the mechanism of The FT-IR spectra of CLR before and after biosorption was investigated by the kinetic models such biosorption were performed in the range of 400-4000cm
as pseudo-first-order [32] , pseudo-second-order [33] and -1 in order to explore the surface characteristics of the intraparticle diffusion model [34] . The linear forms of the biosorbent (Fig. 4 (a) and 4(b)). The spectra display a above models are given in Eqns. is present on the biosorbent [26] . The band observed at (3) about 2929.25 cm could be assigned to CH stretch shift 1 [27] . The peak present at 1430.29 cm represents the CH -1 2 deformation [27] . The peak around 1634.19 corresponds to (4) C=O stretch [28] . While the band at 1247.20 cm 1 1 process.
Effect of Contact Time and Initial Dye Concentration:
The effluent of different industries may have different dye removal increased from 87% to 91%. This is due to the interaction between the dye and adsorbent apart from Where q and q (mg/g) are the adsorption capacities
The effect of contact time and initial dye concentration t e at time t and at equilibrium respectively; k (l/min) was investigated to find the best kinetic model. In all the 1 and k (mg/ (g min)) are the pseudo-first and pseudoconditions studied, the pseudo-first-order equation did 2 second order rate constants; k is the intraparticle not fit well to the whole range of concentrations. It can be id diffusion rate constant (mg/ (gmin )) and C is the seen ( Table 2) from the linear plots. This shows that the biosorption which indicated that more than one process of CV onto CLR did not follow first-order kinetic, affected adsorption. The intra particle diffusion plot indicating that the sorption was not diffusion-controlled shows that the adsorption occurs in two steps. The first and adsorption was not preceded by diffusion linear portion indicates that boundary layer diffusion through a boundary [35] . This is confirmed by results probably limited CV adsorption [36] . The second linear obtained with the intraparticle model. In this model, portion is a delay process that corresponds to intrathe plot was not linear over the whole time range, particle diffusion. o But the intra-particle diffusion rate increased with initial due to the fact that, at higher concentration of the CV concentration. Similar kinetic behavior has also been adsorbent, there is a very fast superficial adsorption onto reported for the biosorption of basic dye onto other low the adsorbent surface that produces a lower solute cost adsorbents such as papaya seeds [37] , pistachio hull concentration in the solution than when CLR dose is [38] . The correlation coefficients for the pseudo-secondlower. Thus, with increasing adsorbent dose, the amount order-kinetics are closer to unity than that of the pseudoof CV adsorbed per unit mass of CLR is reduced, thus first-order kinetics. Also the q and the q values of causing a decrease in q value [40].
e,exp e,cal the pseudo-second-order kinetic model are closer to each other. This suggests that the sorption system can be well Biosorption Isotherms: Isotherms correlate the represented by the pseudo-second-order model for the equilibrium adsorption data with different mathematical adsorption of CV by CLR. The linear plots of the models models to describe how adsorbate interacts with are represented in Fig. 6 (a) , 6(b) and Fig. 7 respectively. adsorbents and is critical in optimizing the use of
Effect of Biosorbent Dosage and Temperature:
The effect from the experiments at different temperatures was of biosorbent dosage on CV removal was studied by evaluated with the Langmuir, Freundlich, Tempkin and increasing the dose of CLR keeping the initial CV Harkins-Jura isotherm models. concentration (10 mg/L) as constant at equilibrium time for
The Langmuir isotherm assumes that adsorption different temperature. From Fig. 8 it is clear that the takes place at specific homogeneous sites within the percentage adsorption increased with the increase in adsorbent and there is no significant interaction among adsorbent dosage. This can be due to the fact that, the the adsorbed species. Also, the adsorption rate is active sites could be effectively utilized when the dosage proportional to the number of free sites on the adsorbent was low [31] . But the amount of dye adsorbed per unit and fluid concentration. Once a dye molecule occupies a weight of the adsorbent decreases with increase in site, no further adsorption will take place at the site [41] . dosage. This may be attributed to the aggregation of The linear Langmuir equation can be represented as adsorbent particles at high dosage, which reduces the total surface area of the adsorbent and results in an (5) increase in the diffusion path length [39] .
The uptake of CV increased as the temperature is Where q is the maximum monolayer dye raised from 30 to 50 C. The maximum removal was found concentration in the solid phase (mg/g), C is the Pseudo-first-order-kinetic model Pseudo-second-order kinetic model Intra-particle diffusion model the solid phase (mg/g) and b is the Langmuir equilibrium where K and n are Freundlich constants related to constant (L/mg). Langmuir isotherm are presented in Table 3 . relationship was observed among the plotted parameters The Freundlich equilibrium isotherm [42] was also at different temperatures. The isotherm constants along used to describe the experimental adsorption data. This with correlation coefficients (R ) are presented in Table 3 . isotherm model assumes a heterogeneous surface with a
Comparing the R values of both the isotherms, the non-uniform distribution of heat of adsorption over the equilibrium data fitted well with the Freundlich isotherm surface. The Freundlich isotherm can be expressed by for dye sorption at the different studied temperatures. [43] .
The Tempkin equation suggests a linear decrease of (6) sorption energy as the degree of completion of the temperature is shown in Fig. 9c . The Tempkin isotherm (9) constants are given in Table 3 . The Tempkin constant, B , T shows that the heat of adsorption increases with increase (10) in temperature, indicating endothermic adsorption.
The Harkins-Jura adsorption isotherm can be (11) expressed as [45] .
Where B and A are the isotherm constants. Where K is equilibrium constant, C is solid phase The Harkins-Jura adsorption isotherm accounts to concentration at equilibrium (mg/l), C is liquid phase multilayer adsorption and can be explained with the concentration at equilibrium (mg/L), T is absolute existence of heterogeneous pore distribution. The value temperature in Kelvin and R is gas constant. of 1/q was plotted against log C (Fig. 9d) . The isotherm H and S values are obtained from the slope and e e 2 constants and correlation coefficients are summarized in intercept of plot ln K against 1/T. Fig. 11 illustrates Von't Table 3 .
Hoff plot of effect of temperature on biosorption of CV on Thermodynamic Studies: The effect of temperature on the Table 4 . The negative value of G indicates the biosorption of CV onto CLR was investigated under biosorption is favorable and spontaneous. The high isothermal conditions in the temperature range of 30-50 C.
positive values of H confirm the endothermic nature 0
The temperature dependence of CV adsorption on CLR is of adsorption process. The positive values of S shown in Fig. 10 . The extent of adsorption of CV is found indicate the increased disorder and randomness at to increase with increase in temperature and time, the solid solution interface of CV with the adsorbent.
indicating the process to be endothermic in nature [46] .
thermodynamic parameters such as change in free energy Table 4 : Thermodynamic parameters of CV over CLR The increase of adsorption capacity of the biosorbent at Effect of Particle Size: Biosorption rate of CV dye for higher temperatures was due to enlargement of pore size three different particle sizes of CLR (<150, 150-300 and and activation of adsorbent surface [48] . 300-600µm) was studied keeping the other parameters as
Effect of pH:
The pH of the dye solution plays an on dye adsorption rate are shown in Fig. 13 . The important role on the adsorption capacity, where it affects adsorption efficiency of CLR decreased from 93.06% to both the degree of ionization of the dye as well as the 86.84% as the particle size increased from <150 to 300 -surface binding sites of the adsorbent. The variation of 600µm. It can be attributed to the fact that the smaller the dye uptake with initial pH was shown in Fig. 12 . From biosorbent particles have shortened diffusion path and the Fig. 12 , it was clear that the degree of CV adsorption increased total surface area and therefore the ability to onto CLR increased from 54.8% to a maximum of 92.0% penetrate all internal pore structure of the biosorbent is when the solution pH was increased from 2 to 8. Hence very high [51] . It can be seen from Fig. 13 , that the the optimum pH of CV adsorption was taken as 8.0. The equilibrium time is almost constant for all the selected reason that CLR behaved differently in adsorbing CV at sizes of the sorbent. From this, it can be concluded that different solution pH can be explained by considering the the equilibrium time is dependent on surface pH of the adsorbent as well as molecular nature of CV.
characteristics of adsorbent and adsorbate and zpc
The pH of CLR surface is 6.4, meaning that the surface independent on adsorbent size. zpc of the adsorbent was positively charged at a solution pH below 6.4. This causes competition between protons and Effect of Agitation Speed: Agitation speed is an important the CV formed cations for adsorption locations [49, 50] as parameter in sorption phenomena, which has a serious well as the repulsion of cationic CV molecules, resulting action on the distribution of the solute in the bulk in the reduction of dye adsorption. The lower the pH goes solution and the formation of the external boundary film. below pH the greater the density of positive ions on the The effect of agitation on the uptake of CV by CLR was zpc surface of CLR will be which in turn for less adsorption. studied at different agitation speeds (50-200 rpm) . From When solution pH increases above pH , a negative Fig. 14 , it can be observed that agitation speed zpc charge is present on the surface of CLR causing better CV significantly affects the biosorption of CV, thus adsorption through the electro static attraction confirming that the influence of external diffusion on phenomenon [38] .
the sorption kinetic control plays a significant role. 
